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(54) MICROCOMPUTER ANALYZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a microcomputer analyzer which 
can execute a data analysis mode while a PC trace mode is executed 
without increasing a private signal pin. 

SOLUTION: This microcomputer ahaiyzer debugs a target device. A trace 
means 1 2 for state analysis, which oiitputs the address value of an 
instruction which target MPU executes as PC trace information, an event 
detection data analysis mesins -1 3 supplying data information when an 
event which is previously decided as a detection object is generated to 
the trace means 12 are provided in an incorporated chip in the target 
device. The trace means 12 can switch a branch PC trace mode 
outputting the address value in spite of the presence or absence of the 
realization of a condition at the time of executing an absolute branch 
instruction or a condition branch instruction and a data analysis mode 
outputting data information when the event is generated. 
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T * * NOTICES * 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the microcomputer analyzer which debugs target equipment. In the inclusion chip in target 
equipment the tracing facility for the State analysis which outputs the address value of the instruction 
which Target MPU is executing as PC trace information is prepared. As this tracing facility With the full 
PC trace mode which outputs all address values, absolutely At the time of branch instruction activation 
It has the branching PC trace mode which outputs an address value irrespective of the existence of 
condition formation at the time of a conditional-branching instruction execution. Or as external mode of 
this branching PC trace mode The microcomputer analyzer characterized by having the data analysis 
mode which outputs the data information at the time of the event beforehand defined as a candidate for 
detection occurring. ' 

[Claim 2] A trace means for the State analysis to be the microcomputer analyzer which debugs target 
equipment and to output the address value of the instruction which Target MPU is executing as PC 
trace information, An event detection data analysis means to supply the data information at the time of 
the event beforehand defined as a candidate for detection occurring to said trace means, It has in the 
inclusion chip in target equipment. Said trace means The branching PC trace mode which outputs an 
address value irrespective of the existence of condition formation absolutely at the time of branch 
instruction activation or a conditional-branching instruction execution, The microcomputer analyzer with 
which changing the data analysis mode which outputs data information at the time of event generating is 
characterized by being constituted possible. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the microcomputer analyzer 
which tailing of an effective address is carried out and can offer analysis exchange of a data system in 
the limited number of signal lines in more detail about the microcomputer analyzer as an analysis 
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exchange tool of the application device incorporating a microcomputer of operation. 
[0002] 

[Description of the Prior Art] MPU (henceforth Target MPU) in a target (testing device-ed) is accessed, 
and there is a microcomputer analyzer as equipment which debugs Target MPU. There is a thing as 
shown below as a function of this kind of common microcomputer analyzer. 

[0003] ** When connecting a microcomputer analyzer to the emulation functional target of the target 
memory and changing some contents of the memory in a target, it is vicarious execution ****** at the 
memory in a microcomputer analyzer about the memory in a target. Usually, since the memory of a 
target is made of ROM, modification of a part of program etc. is difficult. Then, if the memory in a target 
is made to execute by proxy by the memory in a microcomputer analyzer, since RAM can be used as 
memory in a microcomputer analyzer, modification of a program etc. can be performed freely. Moreover, 
also when predetermined memory does not exist in a target, a program is included in the memory in a 
microcomputer analyzer, and the emulation of a target is made. 

[0004] ** It is the same as that of the function of the logic analyzer of the history tracing facility former, 
and is the function which records the data on two or more steps of buses of the front and back from a 
trigger time. The cause of a failure can be diagnosed by analyzing the data on the pass of order when a 
failure occurs to equipment. 

[0005] ** It is the function which suspends actuation of MPU of a target activation breaking functional 
target (breaking), and reads the contents of the various registers in MPU at the halt time etc. The cause 
of the failure of a target can be diagnosed. 

[0006] Each of three above-mentioned functions was judged by the microcomputer analyzer side based 
on the signal which MPU outputs, and each function is realized. However, if a bus cycle is set to 30MHz 
or more, the conditional judgment which performs each function by the microcomputer analyzer side will 
become difficult. 

[0007] When it states concretely, the time amount taken to judge whether it is the address which takes 
a break is 30 - 40 nanoseconds from an address effective point in time. Therefore, if the setup of MPU 
and the hold time are taken into consideration, and bus cycle 30MHz is exceeded, it will become 
impossible to supply a breaking instruction to the MPU side from a microcomputer analyzer side. 
[0008] moreover — the case where MPU is a single chip — a microcomputer analyzer exchange sake - 
- separately — the chip for evaluation — it is necessary to manufacture — chip makers, such as cost 
and a development schedule, and a user — it is a burden also for any. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, in this kind of microcomputer analyzer, a small 
number of exclusive signal pin is prepared in the microcomputer chip itself included in a target, and in 
order to hold the program address which the microcomputer is performing from that signal pin, especially 
program execution flow, the approach of outputting PC (program counter) value at the time of effective 
branch instruction activation is taken. 

[0010] In this kind of microcomputer analyzer, the mode (PC trace mode) which distinguishes program 
flow from PC value, and the mode (data analysis mode) of the analysis exchange function of a data 
system were another. 

[001 1] ** Therefore, data analysis mode was not able to be performed to coincidence during activation 
of PC trace mode. 

** Although it will be necessary to prepare the signal pin of both dedication in a microcomputer chip in 
order to perform to coincidence the mode which distinguishes program flow from PC value, and the 
mode of analysis exchange of a data system again, in high density and the microcomputer chip to 
integrate highly, the increment in a signal pin is difficult. 

[001 2] This invention is made in view of such a technical problem, and it aims at offering the 
microcomputer analyzer which can perform data analysis mode during PC trace mode activation, without 
making the signal pin of dedication increase. 
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[0013] 

[Means for Solving the Problem] The 1st invention which solves the above mentioned technical problem 
is a microcomputer analyzer which debugs target equipment. In the inclusion chip in target equipment, 
the tracing facility for the State analysis which outputs the address value of the instruction which 
Target MPU is executing as PC trace information is prepared. As this tracing facility With the full PC 
trace mode which outputs all address values, absolutely At the time of branch instruction activation It 
has the branching PC trace mode which outputs an address value irrespective of the existence of . 
condition formation at the time of a conditional-branching instruction execution. Or as external mode of 
this branching PC trace mode It is the microcomputer analyzer characterized by having the data 
analysis mode which outputs the data information at the time of the event beforehand defined as a 
candidate for detection occurring. 

[0014] Moreover, the 2nd invention which solves the above mentioned technical problem A trace means 
for the State analysis to be the microcomputer analyzer which debugs target equipment and to output 
the address value of the instruction which Target MPU is executing as PC trace information/ An event 
detection data analysis means to supply the data information at the time of the event beforehand 
defined as a candidate for detection occurring to said trace means, It has in the inclusion chip in target 
equipment. Said trace means The branching PC trace mode which outputs an address value irrespective 
of the existence of condition formation absolutely at the time of branch instruction activation or a 
conditional-branching instruction execution, Changing the data analysis mode which outputs data, 
information at the time of event generating is the microcomputer analyzer characterized by being 
constituted possible. - ■: . • 

[0015] In invention of these microcomputer analyzers, by having prepared the debugging unit which 
performs a part of function of a microcomputer analyzer in the inclusion chip (embeded chip) containing 
MPU in target equipment, the buffer used when exchanging data between target equipment and a 
microcomputer analyzer conventionally becomes unnecessary, and the data rate which can be treated 
part picking can be made quick Furthermore, he is trying to have the full PC trace mode which outputs 
all address values, and the branching PC trace mode which outputs an address value irrespective of the 
existence of condition formation absolutely at the time of branch instruction activation or a conditional- 
branching instruction execution as a tracing facility. Even when high-speed MPU is a target by having 
had the branching PC trace mode which outputs an address value irrespective of the existence of 
condition formation absolutely especially at the time of branch instruction activation or. a conditional- 
branching instruction execution, branch trace can be performed without analyzing syntax of a source 
program, and sufficient debugging can be performed. 

[0016] And in the 1st invention, the microcomputer analyzer which can perform data analysis mode 
during PC trace mode activation, without making the signal pin of . dedication increase can be offered by 
having had the data analysis mode which outputs the data information at the time of the event 
beforehand defined as a candidate for detection occurring as external mode of a branching PC trace 
mode. . 

[0017] Moreover, in the 2nd invention, since it is constituted possible that a trace means changes the 
branching PC trace mode which outputs an address value, and the data analysis mode vyhich outputs 
data information at the time of event generating, the microcomputer analyzer which can perform data 
analysis mode during PC trace mode activation, without making the signal pin of dedication increase can 
be offered. 
[0018] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the example of a gestalt of 
operation of this invention is explained to a detail. Drawing 1 is the functional block diagram showing the 
fundamental configuration of the example of a gestalt of operation of this invention. 
[0019] <the configuration of a microcomputer analyzer> — in this drawing 1 , the inclusion chip (it is 
also called an embeded chip) with which 10 is attached in target equipment, and 20 are debugging units 
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(it 'is also called the IDB unit) with the debugging function prepared in this inclusion chip 10. Although 
this debugging unit 20 is attached in the form of a chip in the inclusion chip 10, it constitutes the part. 
[0020] In said inclusion chip 10, 1 is a MPU core. In this MPU core 1, an NMI terminal is used for 
compulsive breaking (stop a MPU core) of a microcomputer analyzer function, and the breaking after 
activation. If this terminal is asserted (activation), it will move from the following bus cycle to exception 
handling. An INT terminal is an interruption input terminal and is used as front [ activation ] breaking. 
When the instruction with which this terminal was asserted goes into the activation queue of the 
pipeline of a MPU core, it shifts to exception handling, without executing this instruction. The instruction 
at the time of INT terminal assertion is assumed to be grinding or the thing which obtained to SWI 
(software interrupt). 

[0021] The cache memory by which 2 is connected with the MPU core 1, and 2a are the breaking 
memory attached to cache memory 2. This breaking memory 2a is incorporated by the INT terminal of a 
MPU core together with the instruction of the address which the MPU core 1 fetches from cache 
memory 2. 

[0022] The external bus controller by which 3 is connected with cache memory 2, the I/O device (I/O) 
by which 5 is connected with a bus 4, RAM by which 6 is connected with a bus 4, and 7 are flash 
memories (ROM in which read/write is possible) connected with a bus 4. This flash memory 7 is ROM 
for supporting the mask ROM built in in target equipment. Access of this flash memory 7 has become 
possible by the program of the monitor memory under breaking (after-mentioned). 
[0023] 8 is breaking memory and has the size of 1 bit xn. Here, n is given by the degree type. 
n=(number of bits of ROM) / (the minimum order bit length) 

For example, by 256-^bit ROM, when the minimum instruction of a MPU core is 8 bit length, it is set to 
n=256/8=32. Therefore, the capacity of the breaking memory 8 at this time becomes 32 bits. 
[0024] Moreover, the breaking memory 8 is arranged on the same memory map as a flash memory 7, and 
is loaded to breaking memory 2a of the INT terminal of the MPU core 1, or cache memory 2 
synchronizing with the lead of the data of a flash memory 7. A setup (make it 1 from 0) of the breaking 
memory 8 is set up during breaking by asserting the break point (BREAKPT) terminal 9 to breaking 
setting address access and coincidence by the monitor memory program. 

[0025] Next, the configuration of the debugging unit 20 is explained. It connects with the address bus of 
the MPU core 1, a data bus, and a status signal, and this debugging unit 20 has the interface pin 11 with 
the inclusion chip 10 exterior, A microcomputer, analyzer occupies this externaHnterface pin 11. About 
the number of this pin, the optimal number can be set up now by the MPU core 1 or the application 
application. In addition, n can consider the case of 1, 3, 5, 7, 15, 31, and 63. Thus, by taking the 
configuration connected with a microcomputer analyzer through an externaHnterface pin, the optimal 
number can be set up by the MPU core 1 or the application application, and it is convenient. Here, the 
case of n= 15 of DBG (n:0) explains (bus width of face is shown.). (n:0) It is below the same. 
[0026] The trace section outputted as the address of the instruction which is performing under target 
run later mentioned in 12, The event detection data analysis section equipped with the data analysis 
mode which outputs the data information at the time of the event beforehand defined as a candidate for 
detection generating 13, The serial monitor access section in which 14 performs access INTAFEISU of 

the MPU core 1 and monitor memory- under breaking, 15 is the nonbreak debugging-section which 

controls initialization of the microcomputer analyzer resource in a chip, data modification of the specific 
target memory, and the monitoring facility of the specific target memory. It can carry out without 
stopping a target run from a microcomputer analyzer side. And these trace section 12, the serial monitor 
access section 14, and the nonbreak debugging section 15 are connected with the MPU core 1. 16 is the 
INTAFEISU selector of the debugging unit 20, and selects the functional block 12, 14, and 15 decided in 
the mode. A DBGMODE (1:0) signal is inputted into this selector 16 as a select signal. 
[0027] 21 is the selector connected with the debugging unit 20 through the external-interface pin 11, 
and selects the microcomputer analyzer resource decided in the mode. A DBGMODE (1:0) signal is 
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inputted into this selector 21 as a select signal. As a signal exchanged between a selector 16 and a 

sejector 21, there are DBG (n:0), DBGCLK (clock signal), DBGS, and DBGMODEX1:0). . 

[0028] The debugging unit 20 can recognize now any of three functions of trace, serial monitor access, 

and nonbreak debugging are connected with the external-interface pin 1 1 by mode signal DBGMODE 

(1:0). 

[0029] Moreover, also in the exterior of the inclusion chip 10, a selector 21 connects the signal pin of 
the external-interface pin 1 1 to one block of the trace memory 22 which corresponds to the present 
mode by mode signal DBGMODE (1:0), the monitor memory 23, and the nonbreak debugging controller 24. 
And the signal of the trace section 1 2 goes into the trace memory 22, the output of the monitor memory 
23 goes into the MPU core 1 through the serial monitor access section 1 4, and the output of the 
nonbreak debugging controller 24 goes into the MPU core 1 through the nonbreak debugging section 15. 
[0030] It will be as follows if actuation of the equipment of the gestalt of the operation constituted as 
mentioned above is explained. The example of a gestalt of this operation has the description in the point 
of having carried the debugging unit 20 which performs a part of microcomputer analyzer function in the 
inclusion chip 10 in a users target equipment. 

[0031] This debugging unit 20 shall possess the microcomputer analyzer function of extent which does 
not become a users burden. In the conventional microcomputer analyzer, the configuration which 
incorporates from the body of a microcomputer analyzer and accesses a chip was taken.: Therefore, 
components, such as; the buffer gate, needed to be used between them and the rate of a clock of 
operation was restrained by about several 10MHz by the stray capacity which exists between the delay 
during I/O of a component, and a wire length. 

[0032] Then, it enables it to extend the clock of operation which makes the buffer gate etc. unnecessary, 
consequently can be used to about 100MHz by carrying the function of a microcomputer analyzer in a 
user's inclusion chip 10 in the example of a gestalt of this operation. 

[0033] Moreover, in the example of a gestalt of this operation, it is characterized also by considering as 
the configuration which can perform branch trace as trace which the trace section performs, without 
analyzing syntax of a source program. 

[0034] And in the example of a gestalt of this operation, it is characterized [ greatest ] by the ability to 
perform data analysis mode during PC trace mode activation, without making the signal pin of dedication 
increase by having had the data analysis mode which outputs the data information at the time of the 
event beforehand defined as a candidate for detection occurring as external mode of a branching PC 
trace mode. 

[0035] With reference to drawing 1 , the moving function (fundamental actuation) of a microcomputer 
analyzer at large is explained below fundamental actuation of a microcomputer analyzerX And data 
analysis mode which is the description part is explained after whole explanation of operation. 
[0036] As for the external-interface pin 1 1 of drawing 1 , each function is selected by the contents of 
DBGMODE (1:0) of Table 1-3. That is, it is in transformer State mode at monitor access mode and the 
time of DBGMODE=1 1 at NBD (nonbreak debugging) mode and the time of DBGMODE=10 at trace PC 
mode and the time of DBGMODE=01 at the time of DBGMODE=00. In addition, target mode, monitor 
access mode, and transformer State mode are trace PC modes, and NBD mode is monitor mode. Either 

of NBD mode-is accessible. - - — 

[0037] 
[Table 1] 
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[0038] 
[Table 2] 
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[0039] 



[Table 3] 
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[0040] here — transition of mode signal DBGMODE (1:0) — -case — dividing ^— carrying out — — =- : 
explaining . 

DBGMODE (0): Chip input signal. It is used for the demand of NBD(nonbreak debugging) MODE to the 
MPU core 1. 1 shows under a demand and NBD actuation. 

[0041] DBGMODE (1): Chip output signal. It is shown that 1 is under breaking (serial monitor access 
mode). It is shown that 0 is [ target ] under run! At this- time, the MPU core 1 is during target memory 
access. The debugging unit 20 is PC trace or NBD mode. 

[0042] And the following table 4 shows the definition of mode signal DBGMODE (1:0), a debugging unit 

(IDB) function, and the external-interface pin 11. 

[0043] 

[Table 4] ~ ~ - 
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[0044] <Detail actuation of a microcomputer analyzer> (1) PC tracing facility: First, explain basic PC 
tracing facility at large, next explain the data analysis mode as external mode of full PC trace, branch 
PC trace, and also branch PC trace to a detail. 

[0045] During a target run (DBGMODE=00), PC tracing facility carries out time sharing of the address of 
the instruction under activation of the MPU core 1 from the trace section 12, and outputs it to the 
external-interface pin 11 through a selector 16. In the chip exterior, a selector 21 connects with the 
trace memory 22, and the signal of the external-interface pin 11 is sampled by the trace memory 22 
under control of a PCH clock and PCHSEQ. 

[0046] The contents of an output of PC trace are outputted by time sharing from an address high order 
The example of an output is explained below. 

** In the case of the number of signal lines of address width-of-face <=DBG (n:0) of the MPU core 1 : 
output all the addresses to coincidence synchronizing with the bus cycle of MPU. 
[0047] ** In the case of the number of signal lines of address width-oiWace >DBG (n:0) of the MPU ■ 
core 1 : by branching of a program etc., when the address of the MPU core 1 is hot sequential, output 
an upper address, and when sequential, output a lower address. Drawing 2 and drawing 3 are timing 
diagrams which show the output timing in trace PC mode. The case where the address width of face of 
; drawing 3 of the MPU core; 1 is 1 6~bits~ ahdi DBG (7:0) about" the case whereJthe ^ address:. Width of faefe'"df^-/-;.. 
drawing 2 of the MPU core 1 is 32 bits and DBG (15:0) is shown, respectively. 

[0048] the address with which, as for N-SEQ, the MPU core 1 outputs the contents from which the 
contents to which PCH (15:0) is outputted by IDB in the output address of the MPU core 1 are written 
to A (31:0) in SUB (31:0) by the trace memory 22 in drawing 2 — non — the case where the address 
with which, as for SEQ, MPU outputs the case of being sequential (when there being program branching 
etc.) is sequential is shown, respectively. nOPC shows the signal with which the MPU core 1 leads a 
program on "0" level, respectively, the address with which, as for N-SEQ, the, MPU core 1 outputs the 
contents from which the contents to; which PCH (7:0) is outputted from the debugging unit 20 in the 
output address of the MPU core 1 are written to A (15:0) in SUB (15:0) by the trace memory 22 in ... 
drawing 3 — non, the case where the address with which,- as for SEQ, the MPU core 1 outputs the case 
of being sequential is sequential is shown, respectively. In the case of drawing 3 , all the addresses are 
memorized by. memory. > > : 

[0049] ** When it cannot be defined. as the number which needs the, number of signal lines of DBG (h:0) 
to perform address output of the MPU core 1 : output only the address which program branching of the 
MPU core 1 generated in this case. When the following branch address occurs during. a branch-address 
output, it enables it to identify in the chip exterior by negating a PCHSEQ signal (deactivation) and 
performing a new branch-address output. Drawing 4 and drawing 5 are timing diagrams which show the 
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timing in the trace PC mode at this time of operation. The case where the address width of face of 
drawing 5 of the MPU core 1 is 16 bits and DBG (3:0) about the case where the address width of face of 
drawing 4 of the MPU core 1 is 16 bits and DBG (3:0) is shown, respectively/the case of drawing 4 — 
the case of drawing 3 — differing — branching — the address — non, only a branch address is 
memorized by memory when it becomes sequential. 

[0050] Next, each is explained to a detail about the full PC trace and branch PC trace which are the 
description part of the example of a gestalt of this operation, In addition, the full PC trace mode which 
outputs total PC value to a microcomputer analyzer side, and the branch PC trace which outputs the 
following PC value irrespective of conditions only when branch instruction is executed are defined as PC 
trace mode. Thus, it is the big description in the example of a gestalt of this operation to have a full PC 
trace mode and a branch PC trace mode. 

[0051] The comparison listing of the branch PC trace mode which serves as the description part in the 
example of a gestalt of this operation here is carried out about the description with a full PC trace mode. 
Following Table 5 summarizes the difference between full PC trace and branch PC trace in a table. 
[0052] 



[Table 5] 
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[0053] Generally, as a microcomputer analyzer of a single chip microcomputer, since history trace of a 
built-in data access is needed, exclusive EBACHIPPUwill be defined: In this case, the full PC trace 
mode which can support a powerful event function etc. is used. ' 

[0054] Moreover, as a microcomputer analyzer for microprocessors, it can be defined as last chip = 
EBACHIPPU. In this case; a branch PC trace mode is used. 

[0055] (2) PC trace format : here explains PC trace data format in full PC trace and branch PC trace. 
[0056] It is a synchronizingsignalat the time of a PCHS:PC history output. It is shown that DBGn (most 
significant bit side) is PC history status signal (PCS). 4 bits is secured from a high order as a PCS. 
[0057] DBG (n:0) :P It is the transfer bus of CHA information and a PCS signal. 
Full PC trace CD: (2-A1) The microcomputer which performs branch activation by the two cycle to 
drawing 6 is made into an example, and the timing diagram of full PC trace is shown. In addition, it thinks 
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in*this case also including the microcomputer which performs 1 cycle activation at the time of two-cycle 
activation and branch knot TEIKUN at the time of branch TEIKUN. 

[0058] ** The bit width of face of DGBn can be defined as one half of the numbers of address lines. 
** At the time of PCHS negation, PCHAL (the Low side address information) which shows that it is in 
the mode which sends out a two cycle or the **** full address from CPU to a microcomputer analyzer 
by a branch etc. is outputted previously, and HCHAH is succeedingly outputted' to it. 
[0059] ** It is shown at the time of PCHS assertion that program execution is performed sequentially. 
PCS (PC history status signal) is outputted to the microcomputer analyzer from CPU at the high order 
bit of DBGn. PCHAL information is outputted to bits other than PCS from CPU at a microcomputer 
analyzer. 

[0060] ** The effective data PCHA0 at the time of sequential activation - PCHAL It is PCHAL+1 when 
overflowed. The PURISETTA bull counter which it has by the microcomputer analyzer side from the 
above address for address regeneration is carried out +one. 
[0061] ** PCHA is outputted from a lower-address side. 

The definition about the PCS information in above is shown in the following table 6. 

[0062] 

[Table 6] 
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[0063] (2-A2) Full PC trace (2):, next the microcomputer which performs branch activation in 1 cycle to 

drawing 7 are made into an example, and the timing diagram of full PC trace is shown. 

[0064] ,** Make the bit width of face of DGBn in agreement with the number of address lines. 

** It is shown at the time of PCHS assertion that program execution is performed sequentially. PCS 

(PC history status signal) is outputted to the microcomputer analyzer from CPU at the high order bit of 

DBGn. : PCHAL Jnformation is outputted to bits .other than RCS r 

[0065] Branch PC trace (1): (2-B1) Output PCHA information to a microcomputer analyzer from CPU 
absolutely irrespective of branch TEIKUN or branch knot TEIKUN at the time of a branching instruction 
execution at the time of branch instruction (conditional-branching instruction) activation. 
[0066] Here, the limited DBG signal defines branch PC trace as technique for obtaining PC trace. Here, 
with reference to drawing 8 , the principle of the branch PC trace in the example of a gestalt of this 
operation is explained briefly. 

[0067] After an analysis start point, three conditional branching BCC, BNE, and BLE which is not 
branching by any means exists. In this case, it is determined in these three conditional branching 
whether branch according to the contents of the register. Therefore, in which conditional branching it 
actually branched (branch) cannot judge ieasily. Then, in all these three conditional branching, it 
constitutes so that PC value may be outputted to a microcomputer analyzer side at the time of 
condition formation (branch TEIKUN) and condition failure (branch knot TEIKUN) in the case of 
conditional branching. And PC value is outputted also in ** which is an actual branching place. 
[0068] Thus, he can trace and understand the movement toward a program only by branch PC address 
output from an analysis start point with outputting PC value in all the conditional branching, and it 
becomes possible to judge branching [ with which instruction to have branched ] origin. 
[0069] Therefore, the activity which judges a branching agency from a context by syntax analysis of a 
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source program becomes unnecessary. Moreover, also when a source program does not exist, it 
becomes possible to analyze conditional branching correctly.^ *i. ■ - : ' = 

[0070] Hereafter, with reference to the timing diagram of drawing 9 / actuation of branch PC trace is 
explained according to following ** - **. 

** Prepare a setup of the following options in the bit width of face of DBGn. 
[0071] - Define it as 4-bit DBGn as 2 bits, 4 bits, and a 8 bit ** criterion. 

** At the time of PCHS assertion, PCS. (PC history status signal) is outputted to a microcomputer 

analyzer from CPU at the high order bit of DBGn. PCS defines a criterion as 4 bits. Hereafter, a 

definition is shown as Table 7 about this PCS. 

[0072] 

[Table 7] 
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[0073] in addition, PCS1 in Table 7 PCS0 ******** — the compaction output mode which outputs the 
address below the bit of the branch PC value to which the branch PC trace output was outputted last 
time, and an inequality is defined. This compaction output mode is shown with the conventional mode 
( drawing 10 (b)) in drawing 10 (a). That' is, by 10000, the first branch PC value outputs only 10 of low 
order as second branch PC value at the time of compaction output mode, when the second branch PC 
value is 10010. Therefore, according to PC value which changed as compared with the conventional 32- 
bit full output, PC value (PCHA signal) changes with 2 and 4 or 8 bits. ^ 
[0074] In the upper table 7, only the address length who shows that it is PC output in that compaction 
bufp^ 

=11. ; - • ■ • - ' : \. : ■■ ' \; 1 • - T ■ ■ ,r " " ■ •' 

[0075] PCHA (LL) which is row address information is outputted to bits other than PCS from CPU at a 
microcomputer analyzer. The condition (invalid sample condition) that branch PC trace information is 
not outputteel is shown by PCHS assertion and PCS 3 = 0. At the time of a new branch PC' trace output, 
the output of branch PC trace is started by PCS=1. When DBG width of face is 2 bits, two-cycle 
****** assertion of the PCHS is carried out, and it is shown that PCS is outputted to botK cycles in 
order. Namely, PCS0 and PCS1 It is outputted in the 1st cyclie. ! ' '* 

[0076] ** At the time of PCHS negation, it is shown from thV PCHS assertion to precede that it is 
among the output cycle of **** branch PC information. Branch PC trace information is outputted to 
PCHA* ' " ' ' " ' ' "■ ' " ■ J 

[0077] ** As for PCHA, a lower-address side is outputted. 

** To the new branch PC trace demand generated during a PCHA output,' carry out the urinal stall of 
the target CPU temporarily until the branch PC information under output becomes output termination. 
New branch PC information is succeedingly outputted after the output of the branch PC information to 
precede. 

[0078] As shown in this ** - **, since it becomes [ PCHA signal:2 / PCHS signal:4 /PCHCLK:i ] by 
having sent out only the part below the branch PC value which changed as a PCHA signal in a minimum 
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case, it comes to end with six signal lines and one clock signal line. Therefore, as shown also in Table 5, 
ithas the advantage that PC trace is obtained by small DBG width of face. 

[0079] (2-B) Branch PC trace (data analysis) : when the event beforehand defined as a candidate for 
detection occurs as external mode of an above-mentioned branching PC trace mode, output data 
information. 

[0080] Namely, in the above-mentioned table 7, PCS3 and PCS 2 = 01 are defined as AUX (external 
mode), and the data analysis mode as external mode of branch PC trace is started in this condition. 
[0081] Here, the limited DBG signal defines the data analysis mode as external mode of branch PC trace 
as technique for obtaining data trace. Here, with reference to drawing 1 1 , the principle of the data 
analysis in the example of a gestalt of this operation is explained briefly. 

[0082] Drawing 1 1 is the principal part block diagram in which having extracted the part related to data 
analysis mode from drawing 1' . and having shown the detail. In this drawing 11 t the event detection data 
analysis section 13 consists of event detecting-element 13A and data latch 13for trace B. 
[0083] And event detector 13A is referring to an address bus, and detects with the address generating 
Q f the event beforehand defined as a candidate for detection. Moreover, in response to the detection 
result of event detector 13A, data latch 13B for trace latches the data information on the data bus in 
the case of event generating, and supplies this data information to the trace section 12. Moreover, it is 
constituted possible that the trace section 12 changes the branching PC trace mode which outputs an 
address value, and the data analysis mode which outputs data information at the time of event 
generating. 

[0084] In addition, what is necessary is just to have an equivalent function (event detection and data 
analysis), without restricting to the configuration shown here as the event detection data analysis 
section 13. Actuation of the data analysis in such a configuration is explained with reference to the flow 
chart of drawing 12 . 

[0085] First, the address (data-access address) which the event. used as the candidate for detection 
generates is specified as event detector 13A ( drawing 12 S1). And when data analysis mode is specified, 
event detector 13A supervises access to the address which the event used as the candidate for 
detection generates with reference to an address bus ( drawing 1 2 S2 and S3). When access to the 
specified address is detected, ah event detection result is supplied to data latch 13B for trace ( drawing 
12 S3). u ' 

[0086] Data latch. 13B for trace whichjeceiyed the event dete 

bus in that case ( drawing 12 S4) t and supplies them to the trabe section 12 by making the sampled data 
into data information. The trace section 12 outputs data information in the form of predetermined with 
time sharing on DBG ( drawing 1 2 S5). 

[0087] In addition, the data output format from the trace section 12 in this case is shown in drawing 13 . 
In drawing 9 branch PC trace, the data history format in this case should apply correspondingly. 
[0088] Thus, it becomes possible to perform data analysis mode during PC trace mode activation, 
without making the signal pin of dedication increase by having had the data analysis mode which outputs 
the data information at the time of the event beforehand defined as a candidate for detection occurring 
as external mode of a branching PC trace mode. 

[0089] In addition, in the above-mentioned explanation which referred to drawing 11 ^although it was the 
case where single event detection was performed, it becomes possible to detect two or more events by 
preparing event detector 13A and two or more sets of data latch 13B for trace. 

[0090] For example, as PCS information in the case of performing data analysis using 2 sets of event 

detectors (No 1, No.2), as shown in Table 8, it is PCS1. PCS0 It is also possible to distinguish an event 

detector. 

[0091] 

[Table 8] 
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[0092] Moreover, the access cutting tool judging machine is formed in event detector 13A, it is the 
coincidence conditions of the contents of an event setting shown in Table 9, and it is also possible for 
the sample of the data (a cutting tool's data specified by SIZ of the address and Table 9) of only the 
cutting tool of data latch 13B for trace concerned to be made to be carried out. 
[0093] 
[Table 9] 
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[0094] Moreover, it is also possible to specify the trace information (history trace data) acquired on a 
DBG output by the setups of the event address space of the event detector for "PC (program . . 
counter)" and "data space", as shown in Table 10. . . 

[Table 10] 







5 s :-* aw- - 









[0096] Here, the example of a data history outplut in the case where considered as an address pattern 
setup of 4 bit boss TOKEA of address low order event detector No.1, and a data measurement size 
setup is made into 2 bytes (SIZ<2:0>= (0, 0, 1)) is shown in drawing 14 . In addition, in here, it is shown 
that PCS<3:2> = (0 1) is a data history output in event detection with data analysis mode, and PCS<1:0> 
= (0 0) shows event detector number No.1. 
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[0097] It is made to start history data output at the time of the above event coincidence detection 
under the following algorithms. 

- When PC history information under output carries out output termination at the time of an event hit, 
the history output of an event hit factor is performed by top priority. 

- According to an event hit factor, the new PC information (branch PC information) generated during a 
history output is withdrawn in advance like the time of new PC information generating under PC 
information output, and it is not outputted for informational output conclusion priority. 

According to the example of a gestalt of above-mentioned operation, the following effectiveness is 
acquired as explained to the detail more than effectiveness: obtained according to the gestalt of 
judgment (3) implementation. 

[0098] ** With constituting in two or more conditional branching. of all, so that PC value may be 
outputted to a microcomputer analyzer side at the time of condition formation (branch TEIKUN) and 
condition failure (branch knot TEIKUN) in the case of conditional branching Also when two or more 
conditional branching as which it is determined whether it branches according to the contents of the 
register exists, he can trace and understand the movement toward a program and it becomes possible 
to judge branching [ with which instruction to have branched ] origin. Therefore, the activity which , 
judges a branching agency from a context by syntax analysis of a source program becomes unnecessary. 
Moreover; also when a source program does not exist, it becomes possible to analyze conditional 
branching correctly. 

[0099] ** When outputting PC value, PC trace comes to be obtained by small DBG width of face by 

having sent out only the part below the branch PC value which changed as a PCHA signal. 

[0100] ** Since the debugging unit which performs a part of function of a microcomputer analyzer is 

prepared in the inclusion chip (embeded chip) containing MPU in target equipment, the buffer used when 

exchanging data between target equipment and a microcomputer analyzer conventionally becomes 

unnecessary, and the data rate which can be treated part picking can be made quick. 

[0101] ** And it becomes possible to perform data analysis mode during PC trace mode activation, 

without making the signal pin of dedication increase by having had the data analysis mode which outputs 

the data information at the time of the event beforehand defined as a candidate for detection occurring 

as external mode of a branching PC trace mode. 

[0102] 

[Effect of the Invention] As mentioned above, as explained to the detail, in the 1st invention, the 
microcomputer analyzer which can perform data analysis mode during PC trace mode activation* without 
making the signal pin of dedication increase can be offered by having had the data analysis mode which 
outputs the data information at the time of the event beforehand defined as a candidate for detection 
occurring as external mode of a branching PC trace mode. 

[0103] Moreover, in the 2nd invention, since it is constituted possible that a trace means changes the 
branching PC trace mode which outputs an address value, and the data analysis mode which outputs 
data information at the time of event generating, the microcomputer analyzer which can perform data 
analysis mode during PC trace mode activation, without making the signal pin of dedication increase can 
be offered. 



[Translation done.] 
* NOTICES* 

JP0 and NCI PI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the microcomputer analyzer of the 
example of a gestalt of operation of this invention. 

[Drawing 2] It is the timing diagram which shows the output timing in trace PC mode. 
[Drawing 3] It is the timing diagram which shows the output timing in trace PC mode. 
[Drawing 4] It is the timing diagram which shows the output timing in trace PC mode. 
[Drawing 5] It is the timing diagram which shows the output timing in trace PC mode. 
[Drawing 6] It is the timing diagram which shows the output timing in full trace PC mode. 
[Drawing 7] It is the timing diagram which shows the output timing in full trace PC mode. 
[Drawing 8] It is the explanatory view showing theoretic actuation in branch trace PC mode. 
[Drawing 9] It is the timing diagram which shows the output timing in branch trace PC mode. 
[Drawing 10] It is the explanatory view showing the example of an. output in branch trace PC mode. 
[Drawing 1 1] It is the principal part block diagram having shown the detail of the part related to data 
analysis mode. 

[Drawing 12] It is the flow chart which shows the procedure in data analysis mode. 

[Drawing 13] It is the timing diagram which shows the output format and output timing in data analysis 

mode. 

[Drawing 14] It is the timing diagram shown with the example of event generating about the output 
format and output timing in data analysis mode. 
[Description of Notations] 

1 MPU Core 

2 Cache 

2a Breaking memory 

3 External Bus Controller 

4 Bus 

5 I/O Device ; . ' ' / \_ ■ ;L-' V _ . 

6 RAM V • . *\ " : . " 

7 Flash Memory 

8 Breaking Memory 

9 Break Point Terminal 

10 Inclusion Chip 

1 1 External-Interface Pin 

12 Trace Section 

13 Event Detection Data Analysis Section 

14 Serial Monitor Access Section 

15 Nonbreak Debugging Section - - — - — 

16 Selector 

21 Selector 

22 Trace Memory 

23 Monitor Memory 

24 Nonbreak Debugging Controller 

[Translation done.] 



- 16- 



m summit (jp) 02) & rF £: # <a) mmwmmakmmn 

WM¥9~ 237201 

(43)4tBBB ¥^9^0997)9^9 0 



(51)IntCl. e 




F I 




G 0 6 F 11/28 


3 10 


G0 6F 11/28 3 1 0E 








W*3fi©»2 OL 18 H) 


(21)fHH#*§- 


&mW& -44776 


(71) USA 


591076110 










(22)fflBiB 


¥JSfc8*P(1996)3/i 1 B 




jam^ ttfflK=#wr 8 #«s 7 






(72)38W# 
























(72)5geU# 
























(74)«fflA 


#a± asa iesi (^1*) 



(54) [&m<a&mi -w?xi3>\fa.—*y')- i 7-ii? 



(57) [M$>] 

[hub] ^wm-g-fvsrtiAp^ii-ri-p c h u-* 





/" 


5» 




1 ( 

AX A 




&S3 


II 






it 




1#HiJ¥ 9-237201 



[fS#Jll] ^-Vv hmn<D'T'<y#'$:'i7te0T'( 

FMPU^HirLt^5^©T Ku*{B&P C H 
Witts 

K^*te£ttS;trt"5#'ii£PC M-'— KSrii*., ' 
:c^pc S t>— 3*^r— K©fl-gB^ Ki'bT, ^to 
LT£&fc^V^s%£L;fc^©x-*tfr 

5-7^r> p 3 y tfa^-?7t7'i"f . 

hMPUASUff CT^S^roT Ku^fitSrP 
C h u-*tf$s£ U-CtU^Ji-S^^- hflWUB© hV- 

fflx - * fifths -h< £ - V y>Sirtt*5ifI 
buIB h u-^#SHu *ft*MM«i^JWfB** b < 
£.ffl7J-f-5#ii&PC h u—^—Vt..^^ h&±\& 
Z z h ft ^rffilw«dt $ ftfc r. t £ f 5 ^ -f * o a 

- ... 

[0 0 0 1] 

-#»©«Wr3taSri-5 ^ fc * J *rtBfc'*"f * P =« ft?* 
[0 0 0 2] 

' : [f£*©««fi f-¥yY (ttRWSB) rtOMPU 
(EAT, hMPUtf 5) teT*-fc*U 

yt a :-^7t7'f Ifa 5 5 o ©«©— fcftti: -?<4 $ 
navt 0 3-*:7T-7^1f©#t6i: bT(i, ^TI^tH" 

[0 0 0 3] <if-y y 3. U— >g 

£\ #-^7 H'iC>*!)S:-7'f^D3yfa-^7t 



2 

^■!J fiR0MT*t?%TV>5OT% 7°v?7 J*<D— S5©^ 

. ? n 3 > f a. - * r 7 -r ft © ^ * y -efw $ * ft 

l*3©>^ey »C7 p o^7ASr|a^.jiA/-t?^->7 t s/ h©^5: 

io a. u— ->3 

[0004] ©t * h y h 

[ o o o 5 ] <D*-y y v mn^u-^mm 

>f y K©MPU©Sbf££rfM: ^) U -?:© 

[0 0 0 6] ±IE3o©«|«tt. ^-fft^MPU©m^ 

[0 0 0 7] AfltttKiiC^S i » 7'l/-?t57K^ 

75>6>3 0—4 0ty#t*fe5„ ftoT\'MPU©-fcs' K 
so 7 7 7", ^ WMSr^lS-rStx '^^^^^3 0 
MHziSrSx.5t7'l/-^^-7-<^D3y^-^ 

7t7-f f «*» bM p u«ic#a(fti-a r t a^-sriBfc:* 

[0 0 0 8] *fc, MPUiSv'y^5'7'OS^|I 

mmm?-y7°*Wii¥-tz>'&m&h i o. =>*b, m&en 

[0 0 0 9] 

40 \%mtm^i.ohir^vm\ tzz>x\ ^©«©t 
t-tr, ^©{f-§-f>-dif 3 -vw , 3>'^iitTLT:^57°ni/ 

7A7K^, ^IC7"ny*7A©Hfr»SftSro^tPfc«) 

[0 0 10] r©a©-?-fy n=j><fc°3. — ^Tt^'ff 
•Ctt. PC{B/i^7 0 ay*7i>.gSftilrWJ-rS^~ K (P 

chu-**-K) ^-^^©^wsa^Hg©^- 



ttffl ¥9-237201 



3 

[ 0 0 1 1 1 ®tot, PCh K^Htr 1 ^ 

[0012] *^ii:©J: 5 fciWBfc«*-cfc3*ufc. 
[0013] 

[«UB4r**i-Sfc»©#a] U&IELfcWJH&illft-*-* 
JB-1 ©3SWtt» * y f H*©^ y f&ftte b 
^cjyfa- ^Ti-^'f 1ft?fco:T. * — ^y M£« 
rttdfcSifl^^yT'rt^^ ,?tVv hMPUtfmft 
LT^.5^.«37 Kl^fffSrP C h U— *1f$Bi: UTttJ 

SrHt2j-*-.i#ii£ P C hu-^*- .KSrfit*., . r cofti&p. 
LTJg&fc-r-O' Li/US©"?— *flMR«rffi*"t 

[ 0 0.1 4] tWEUfc«WSr«l*i-iJ(S2©»W 

.^7t7'l'ftfcoT 1 t — f v hMPU^flfrC 
TV^5^©r K^ffi^rPC h *tfr#£: LTttl* 

K^^iBSr.m^-rs^iftP C h u— Kt, -Y'O 

[0 0 15] IjX^ro-7'f^D3l/e , a-^7t7'l'f- 

©SSWKfcS^TWu $ — Vy h§£«rt©MPU£^ififfiv 

hSrKltTl^r t^J:!5. .W-^y MSB 
t -7^ ^ p 3 y f^-!? 7t 7^f t'Wt'f-^ 9 i: 



4 

it), iftiiWMPU^^-yy h »d-C<>, V- 

io *£ffo-C\ +#fc7^y^£ff&5::£;a 5 T-#3J:? 
left 5. 

[0 0 16] ^LT^.Iglc^eilKJ^Tte, MPC 

. SrJttDPS-e-fteP.C h u-**- KHfltp.^-^^W 

[0 0.1 7] ^©fSIHiC^Tfi, 
20 «*s % . : TKu^.ffl[SrHj[*-rS^ftPC+ K 

Hffl©ft-§-t 0 ^Srt|i!lP^ii:-ftcPC Ku-7^-K 

• * n r. yti'a-^7t7-f if Sra^-rs d t 

[0 0 18] , 

30 [0 0 19] <7^^B3y^-^7t7-ffO|fJ 
>^(DEllic:Jo^T > 1 Ofi^—Jry h^grt^St?)^- 
ttfensm^^y^ (^>"<^y K^y7°t 1>l,v 
5) , . 2 OUrcoM^iZs^y^l 0 rtf-IStt bHfcr 
y ymmzm^-r^ y ^»=. y h ( I D Bi= y K t 

^y^l 0rt^^-y7°ro^T*5li?#(t 

[0,020] BulBte^-ii^yT'l 0^*S^T, 1 14M 

pu=iT-efe5 0 ;©MPU37 i ^ct^^,^T, nmisb 

? (MPU3T$rfllh^-frSr.t) &Xfimft&-7^-* 
-£iV3 i: v .*©>'<^*'l' ^ /yfrhWIM&mz&Z Xb\z 

wi- .(V7 h!>j7'i'y^77:M \z-f *) frTLfchn t 

■■ so {££-^£0 .' 
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5 

[0 0 2 1] 2ttMPU37 1iii$tl5^t^>'^ 

^ey, 2 a \±**cy v-^^ey 2XcttW&%>rf^ i ->? 
^^liTfe^o'ro^u-^^^y 2 af4, MPU^T 

1 ^^yv^^y 2^b'7xyft57 KU*<Dlfr 

[00221 3t4*-r ^Va^^y 2 tmi$t&tiZ>^ 
(I/O) . 6tt/^4-4:«aSix5RAM; 7 f4/^* 
4ROM) T*fc3 0 -<D^^ yv-^y ^y 7*4. 

[ 0 0 2 3] 8*tt!/ 1/— ^ ^ ^ VX\ 1 IffFx n £^f* 

n= (ROMOtfyHR) -5- (ft/J^^yfft) 
#ij;if4\ 2 5 6 tVhOROMT\ MPU^.T^ft/J^ 
^8ff;/h*OB^ n = 2 5 6-5- 8-=3-2fc3&5o tfc 

ot; rc^^co^u— ^ey 8<£>^**4 3 2 ^ m- 

[0 0 2 4] ^^^^^811777^^^ 

y 7 tmc'**v ^s/^±fcia«$W 77yv a ^* : 
y 707- ^<oy- Ki Ih)»lxmp'U37 1 <d 1 nt 
iBT-fc l< ^v-^^y 2<o^u— ^^ey 2 a 

fcn — KS'Ki'iSCftotl^o'Vl/-^*!; 8. CD 

tm^^^^^iyh (BREAKPT) ST* 9 5: 

[ 0 0 2 5]'#Cfcl, if^^y h 2 0 ©WjSfcKo^ 

TSiP^-r^o wOx^y^^s/ K20ttMP'U371 

1 l^oTl^o l^-f V*:7ct — * t°>-i 1 

7, 15, 3 1, 6 3^-7^%i^5o w(Dct5 

->T+9YlftKi»r6«*S:iSwi:fci:0. MP 
' U*> 1 J f > 77 p y^>a V'fflJftfc J: 9 *iS=tc**SrB 
j£-fZ>^b&X*Z, ^&£\<\ ::t1j:DBG (n : 
0)-On=15©<r-^tRWt5 ( (n:. 0) tt'** 

[0 0 2 6) 1 214^ — ^3/ h^V + OHtrUTV^^ 
3r±f»«aj*t*i: LT£»fc^> h##£LfcBS<Z> 



5 

htfcfcti^-^aWrffl* 14l4^^fl:*5lt5MPU 

^71 t^e^^y OT^ir^^^^-ycn^^^ff 
fc5 *>y T^^e-^T^ir^SlS, 1 5 \%=f-y^^^ 2 
n^ytWTt^ If y V i -X«)*J»K3& 1 4*3£* 

h^y ©y-^xjEaww^^-^y M^y 

io ^tt, dj-bk M^— *«Br2, ^117^^ 

T^ir^SU l 4&t;y l^u— ^><-3/^SBl 5f4MP 
U^7 1i:gg^TV^ 0 '16*4. -r^py^—yh 
2 oco4 ^9 — x±u99X\ ^e—'K-eifcftbix 
fcaMB^ny^ l 2, 14, 1 5£i?t^> >1~3J:5^ 
4oT^5, :otW l 6tCf4irl^ ! Mf-§*i L 
DBGMODEMl ' :*0) -fe&&tt&1fCZ>o 
[0 0 2 7] 2 1 *4^£B-f — ^trvi 1 §r^L 

20 ^§riru^ h1-£t>cD-Cfc£o r<DirU^^2 1^4, 
irl/^ bTDBGMODE (1: 0) 
^£*u3 0 t^^l6tti/??2''lWe^9t9S 
Jx5«-&tbT*4, DBG (n : 0) , DBGCLK 
(^Py^fS-g-) , DBGS, DBGMODE (1 : ■ 
0) tfh% 0 

[0 0 2 8] tv* v y V 2 0 (4, "■=£— 'K{b -§"D B 

GMODE (1 : 0) \Z:S:9 S F^, ^!I7;V^ 
>*T^i?;*, /V^l/— ^^/^^>*(D3o(D#tg<^t^-f 

; [0 0 2 9] Sfc, |a*5i*.^!/Xl 0(7?^jfBfc*SV^T 
■fc. iru^^2 1t4, ^-KfBfDBGMODE (1 : 

o) teicatr*— bt— ^/^y 2 2, 

2 4 CDl/V-f Jxi^y p fci^SBW 7 x-^ t: 0 >- 1 

, -s-tt. f w-x^^y 2 2icA9, ^^^^^ey 2 3<D 

mjjn^VT/^-fTfizxm 4^UMPU^ 
7 1l:Al /^^f^^^y^-724(D 
40 ffl^f4/>-yu— ^f^^l 5 ^UMPU^7 

[0030] u±<D£v\-mf&t$tvfcmi&<DBm<Dmw 

" 5o 

[0 0 3 1] r^^^^/^-^ h 2 0f4, z3L — *?<of± 
afc4fc6P8K©-7^^B3Vtf*-#7f7^f« 
so' figSrA«i-5 tcDi:-r^o ^*C0-^-T ^ n 3 ^ t°n.-# 
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(5) 



ig^i^TKjff^ o 5/ # <DM&fcWt 1 0 MH z e^ksy 

[0 0 3 2] *:^ ^mmmmmx^ w ^ * ^ 

W^-$ T^=7<< if If y ^ 

fcU r<D»*. ttffl^Sittf^^ny^Srl 00MH* 
[0 0 3 3] *H*oj»*Wt?r±, • h 

[oo 3 4] ^tx, *3t*<o»ttW-ett; MPC-K- 



[0 0 3 5] <^ ^ ci a^fcTa — #Ti"7^1f<E>&* 
tfyW)ft>-$XT v El 1 'Sr#fiBL,T-e>f ^ n a^tToL — *T 

[oo 3 6]. mi<D^u>< ^py^—x^^i if±,.s 

l-i3.^)DBGMODE (1 : 0) (O^tiaHi 
ffiaHrl^ K£*b6o ■ 9, D B GMO D E = 0 0 (D 
o ^ h ^P.C^e— K. DBGMODE=0 l^NB 
D (/^U-^'T^yf) D B GMOD E = 

1 OCO^^e^^T^ir^^e— b\" D B GMOD E= 1 1 

com, H^V^'X-sr— hftr K-efcSo ft*s* b p . 
C^-K, NB.Dre— Ktt*— h^e-K, ^~$T 

tfosi.NBD.^-bU t^i*^:t>r^-fe^priB-e*> 

[0 0 3 7] y ; 



20- 



DBGMODE 



DBGMODE 0 r*XC.E'(M*P £ XtST * ^^^ii^tL^^E- KSI»K#ffi-9 
D B G M 0 D E Y lix A ; f 7 7^ <c> I C E fflih^JI^^^- K«» (tBS) 



D E B G 

DBGM0DE1 
(IN) 


MODE 

DBGMODEO 
(IN) 


Definition 


0 


0 


TRACE PC^e-K 

D B G[n:0]«^fr fcttfc:;* h'U U-*fflO>l£fT 


0 


1 


N B G [n:0]{I^f± I D BftO> R A M3r — % $f< 


1 


0 


D B G [n:0]m-mt 9 - ?y RO>^X/^^ 


1 


1 





[0 0 3 81 



[«2l 
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(6) 



DBG[n:0] 



9 10 

TRACE, NBD > M O N © 3 * - K<K »S(Z>ct 5 1^56***1-5 0 ~~ 

< T RACE PC MODE> 

PCHA[n:0] llli, x/\'^ ^ 7'4^ g> dS#4 4vS *fT T K U X (*fr^Tr« 

fg%©H(n){i, ^D>r^ix^^ >0©*I4:— Bt*-I*5 z. t LuA< i& 

SfifT K U ^©H^JSjc/^T ^StC T? 9 £ U t: >y h $1 ICS* LT 

<£j> - 

fT*-T*-J:d3te^-fP >7?v D 8 G Sfi^J; *9.^-(D^-!r> v-^^ff 

1^3 >^ h u-x*- K] 

P ° 7 — v»J ^^fCWO'iiirifcTrD'B'Gia^IfeiJi* < T£ C 
t ^5 g. * o J)JP C « ro th -h * iZ ft^r * »ttS8fr in H UT f* . : P c « 

[ t~ — ^ A?#f ^ — K J 
^-_£«#rJE.T- Kfi-s-a^ >^lh U-.x^- KO^.&P ( A~U X ) ^-K-t-Ut 
gltfttts DBG. MODEC»ff«ii;fe< TRACE PC MODE 

< D B G MO D E> 

NBDO, N B D I a. x/t^V7rtSB0>-I'D B"f*|Uy^> (RAM^, 

? T Z t £ 7 ^ v t *l I D 8 WW u Sr* * ) --7 ^ iz x ffi co di A . X iiJ V 
ft 1^ »MflS ^ is? t"5i«e t r S'o ■ -'N b a a a-© tr y h n'(£&¥ % 8 tf v k 

< M O N I TOR MODE> 



NBD MOD E, MONITOR M O D E <D n r ^ttg!llCffi«r 5 « 
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DBGCLK 



11 



12 



< T R A C E PC MO D E > • ■ 
PCHCLOCK. (JB*') 

p c h c l o:c Koft±4ajhrs*s^»So' 

<NBD MO D E > . 
NBDCLK (Xil) • 

NBD^-KtfitfiNBODO, NB.DD. I fl^CDX K D-:7ffi*§- 

<MON I TOR MOD E> 

SD.CLK (A£) 

77^-^/^E'J7^-b^fflS DO. S D I ff^^>^ K □ - ^{f ^ D 
K-"P6SD,CLKtt % W <^><D7.¥- KlZ»H*ft<fia© 



OBGS 



DBGEVNT 
[m:0] 



<T R ACE PC MOD E> - 
PCHSE'Q (ft*) 

lift 7* K UX^i/-<r>i/^JHZft»UrL\4 3i:4:iS'r^-?-*X«-5 <£H 

t)) o ■ ■ * 

P C HA[n:0]t»ffl UT, * 7 ^ 7 K-U X IDS 4 J* £ t Z> 

P C H A [n: 0] P C H S E Qfi^tJ; n «&f3BfT 7* K b * tfS^/Kr £ £*g 
g-lzpfiO P C H A<D t"-y MIn ? ^ ^ 0>ffl J: 9 'J» £ l^ftlzS 

[7^ >^ S - K] 

P C H S Y N C 

P C H A v 'J 7 7 ;Uib±m^8C0$EiMt^lt^raPJft-^o : 

<NBD MOD E> 
NB.DSYN C(X*» 

N B DD Ov NBDD1 £f$o/cv U JUAititJ'F- # KiSfZ felt § 
<MO N I TOR MODE> 

S D S Y NC (-as*) 

SD O. S D I m^Zig-Dtc < > U7iH 1 ^ — ^/^yT-^-bXI^tSlt-Sieiffl 



TRACE PC MODE,NBD M O D E iz & if & I D B I*)-?- * (/* 
D B G E V.N .T0h'7 Mitt 1 x 2. 4 s 8 b *v > (DmVi&T' S 3 o 
MONITOR M.tiD EfcfiLtT'tt. CQ«*IAtt*ffi*«*tt'i: & ft » . 



[0 0 4 0] ir.T\ *~ Klf-g-DBGMODE (1 : 

DBGMODE (0) iT-yZfAJjim^To MPU^Tl 
\ZM LTNB D (/y^ls—Py*'*??) MODELS 

I-eK**R.t5NBD«i^S:*'"t- 0 
[0 0 4 1] DBGMODE (1) : ^ y^tti 

-to -MpyaT i iw-yy h^yrn^ 



V 2 OttP C h U-^NBD^t- 

[0 0 4 2] tit, EAT^)*4tt ; E~ Kli^DBGM 
ODE (1:0) tf^^^^y h ( I DB) fllffiX 

[00 4 3]. 
[*4]. 
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13 



14 









W,-X PC t-f-* 


NDBt-h* 






NBDt-h" 


DBG[n:0] 


PCHA[n:0] 


NBDDO[n/2:0] 


' SD0[n/2:0] 


• •• *t 1 


HBDD0[7:0] 


NBDDi[n/2:03 


SOI[?/n:0] - 




; KB0DI[7:0] 


DBGCLK 


.PCHCLK(OUT) 


NBDCLK(IN) 


SDCU(IN)' 


*1 


NBOCLK(IN) 


. DBGS N 


PCHSEQ(OUT) 


NBDSYNC(IN) 


SDSYNC(OUT) 


*i 


NBDSYNC(IN) 


DBG M0DE[1:0] 


(MODE OD) 


(MODE 01) 


(MODE 10) 


t (MODE 11) 


(MODE 01). 


DBB EVNT[m:0] 


EVNT[m:0] 


EVNT[m;0] 1 


UD 


*1 


EVNT[3:0J 


/DBGREO 


/nm'ireq 


/NMI REQ- 


/BKPTO 


*1 


/NMIREQ 


/RESET I 


/RESET I 


/RESET I ' 


/RESET I 


. /RESET!' 


/RESETJ 


/RESETO 


/RESETO 


/RESETO . j ■ 


\ /RESETO 


/RESETO 


/RESETO 



* 1 15 AN ST AT E MOD EtCfclJS C^OXI^ BEffiiO^- Klfjg* 
MODE 01 



[0 0 4 4] <^^^n3>-.b 0 rr->T^^^i?C0^> 

(1) PC : S1\ !*t45PChu-' 

*««g©^fcov*Tft?llU ftte. 7/v.pc 

[00 4 5] PCF^Silt #-^!/h7>t 
( D B GMODE = 0 0) h U— ;*gJ5 1 2HMP 

^ 1 '6 S:^ Lt^aJ-O^ 7 x T ^ t°y 1.1 lemjj/t 
So ^ y ^SB-Cft, . ^«B< ^— ^ t^l 1 c7Mf 

*K P C H > d s/.*V. P C H.S.E.dp^JP^tC > V— 

7^^!J2 2i:ty7 p y^^ e 

[0 0 4 6] PC hL/-7(Offl^rtgfi N TKU*-b(fc 
■©MPU37 1 £>T K^i^DBG (n : 0) 

[0 0 4 7] ©MPU^Tl COT K^B>DBG 

(n : o) (om^mm<om^ : ^D^^OMftM 

PU=>71 cor K^*^>— ^^>*/i^fclM$«\ _L 

u^^a^i-So E12, -ia3tthu— ^pc*-Kom 

S ^^§r*1-^>r A^-Y- btfo^o El2ttMP 
U37 l.C0T.Ku^(t>S^3 2 If y K DBG (15 : 
0) ©4fr&£\ 03liMPU371©7Kl/7tB*16 
K DBG (7 : 0) <D»^£*ix*7x* L"C^ 

So 

[0 0 4 8] EI2fc*3V^T, A (3 1: 0) liMPU^ 
T 1 (DmjjT K^^Sr, PCH ( 1' 5 : 0) tt I DB«t 
9 a^^ixS^^^r, SUB (3 1 :0).|±M/-7> 
2 2lrft#iA^HSrt^$r, N-SEQSMPU3 



9 ^ *s *S £ , : S E Q I4M P U <D ffi 

TV^So nOPCfl "0" 1/^;VTMPU27 1^d 

4o^T; A. (15 : 0) ttMPU^T KD&jlT 

Sr; ' P C H ( 7. : 0 ) tt-r^ y v V 2 0 J: 9 ft^ 

StbS'rt^tfc, SPB-'Cl 5 : 0) f±h^^*y'2 

" 2 ^»#-a*^5'W**> N - S E Q fiM PU371^ 
ffl*f^7 K^^'^y>:/-^yvV^(O^S:, S E 
QttMPU'37 1 ©HJM57 K^^v— ^Vv/^r/v 

-<0S^**n^ix*.UTV^5o- Sl-3 0*&fctt % 7KU 

[0 0 4 9] ®D B G (,n : 0) (Off fSS^MPU^ 
7 1 <D 7 H ; ux mjj&frtt: b * 

V^*& : wCO^tCfL MPU37 1(D7 P P^7AM 
.fc*©^7K^#«ii;fc^ PCHSEQfff 

4, 0 5ttroWohi>— ^PC^e— Kcolbf^f^^^ 
^Sr^i-^.-f ^^-y — hTfcS'o H^tt^MPUaT 1 
<DT KU^BiSl 6 'tr y K, DBG (3 : 0) 

Sr, 05iiMPU37'i©7 K^Wi5i 6 try D 
BG (3 : 0) 6l^S:iMti/TLtl/^ 0 I34£>4§ 
^trti. H30S*i*45, ^IfttiOT Ku^*s/ 

y Kieit^ns. 

[0 0 5 0] 7 
;VPC h ^t.^VfPC h ^tlCOV^T,. -t 
Ji-enSrBiftKBlWt-So PCh u-^^t- hlz 
tt, ^PC{il^^^^n^>'b 0 ^"^T^-y-l'-^ftiJ^m 
At5 7/vPChu-^-K^ ^5^^A^Sr'*tT 

y7>fPCM/-7i&^if5c r co J: 5 

PC h >^^~ Kt^7Vf PC h u-^^e- Kt S: 
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(9) 



15 

[oo5i] *nmmmmKtetiz>W'$.nfr 

^45^7^ PC h l — ^^e— KSr^^vPC h i — * 



76 

* 7 /vp c h u — xt^^yf PC h u- 

[0 0 5 2] 
[*5] 









DBGtS 




4. 8. 1 6 h<D 


* V v K 




Q>J\^«:D ; BGtHTPC 




DBG 











[0 0 5 3] — JKfc,. is -y?--? 4 ,3 
B3ytf ai -#7t7'fffcl.i; fi> . rt * r * 

•«f t'Xa-Ct 5 7^P.C. h KSrttffl-f- .. 

[0 0 5 4] 4fc, -r>f ^ O^Oti/tlOW ^ P 3 . 

*-K«:«ffli-5. i .... ... 

[0 0 5 5] (2)' PC H/-77d— 7y k: 

5 P C h lz-^f-* 7 KiRKtS; 
[0 0 5 6] PCHS : PCt^hyffi^^fl^ 
■C*>5o DBGn '(ftlffit^yli) ^P.Cfc^Mj^ 

^-^^«* (pes) -cfci ±tti r 54- 
fyhSrPCStttJtfttio. - : : 

[0 0 5 71 DBG (n:0) : P C H'Atf nRXf P C 

(2 -A 1) 7^P G I> 1^—^ (1) : m§\^zf"7^"3- 

P C h U-^O^^f t - h ^tc ft, ^CD^C 



[ 0 0 5 8 ] ®DGB n<DXv T K^5^f ^ 

©ECHS^fr h«Ffcttv J?->Tf$K&*>. CPU 

^tPCHAL (Lowfll7K^*S) ^5fcCUb^£ 
tbv 3lt«c*HCHAH*sm^Stu5o 
[0 0 5 9] (DPCHSTf- h^ti, ^n^^^Uft 
^^i/^M^tjL^flX^^bZ. t Sr*-t* 0 DBG 
" n ^tt t?// f Clip C S . (P C fc ^ h y— *"r— 

tti^l^HT>v^ o : pe SSkftWy V\C\±s PCHAL 

"■loVO 6 0] '®i/'—frl'is*Jl'Mftl%<D&®T — # P c 
H AO -PGHAL ^-/<7P-U^t, PCH. 

[0.-0 6 1 ] ©PCHAttHSteT Kl^;MM'*>?>ttl*£ix 
5o . 
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VM.vm&O P C S ««fcov^TOje*S:fitT©* 6 \z 

[0 0 6 2] 
[*6] 

P C K StS?B 



PCS 




PC S3 


PCHAttftR©«» (1 V. «t» CO) 


PC S2 




P C S1 




peso 





[0.06 3] (2-A2).7;VPChU-^ (2) : #C 
>-£rWc: IT, 7;wp C h u— xW#J J**?* — 

1"., ' • ' 

[0 0 6 4] ®DGBn©f'/Ml±, T K^7-f V 

©PCHSX1J— hBfli, 7 , p^7ASWv'-^V-> 20 
^•;W;tT4tetl.'TV^rt^t. "DBGnOitttr?. 
M-ttPCS (PCtTi HJ-^.f- KP' 

5„ P C S W(Dt?y hfctt, P.CHALifSiiSCPU- 

[0 0 6 5] (2-Bl)y7VfPGhW-^ 

(i) :7"7yf#^.(MM^) 7.7 

1\ tfc, »*t»tt^3l©«rlE % .PC:.HAflMR*rCP' . 

[0 0 6 6] 7*7yfPChU-^l±, Pg<b*t 

fcDBGMtPC hu-^t#4fc»'©fftl: LT3£ 

-r^o • ■ - * 



: [ 0 0 6 7] #WM*M3iEtl*te:, lft*t»ttTf±*v^3o 
©^MBCC, BNE, BLE^SffSELT^So - 

■#£fc*ji*-C5fcRK:&tt (7*7^) .Lfc©a»#ffi]JMc 

» Sfl^ift^S (77 vf^ y bf^f ^ v) Bftc 
h\ :PCI^ ^oa^tfa-^T^'f IfflJfctiWj 

(Dfc*sv.\-ct>PC«*ta*i-5. 

[0 0 6 8y,Z(DXo\C s ^#^©^TJC*5^TPC 

Z Z , if wifSf-fr -C^ft Lfc^i 5 #ft5G£¥iJ 

[00 6 9];&ox. y-^-^vi^v^<omxmVfK^ 

. [00 7 0J.WT, 09©;$'-f i^-Y- h£r#H8L,T\ 
7*7VfP G I- ^(ptbf^^ol/'>TJ^T<t)®~©lCffi 

©DBGnCfs/ hffifcli. WTW^v-a V©f8:jt£: 
- • : ' 

[.0 0 7 • 2 If y -K 4 If y K 8 tf y Y 
OfliqUi: b.-C v 4t;^>©DBGnl:Slt5. 
®PCHS7t- KflflCfi. DBG'nOlttfj' H-fl 
PCS'tPCtxKH^^r^^ftf) /JSC PU/S>b 
ci=i>'t' , 3.-^TT-7'1'-y i tcm7:$H5c PCS 
tt«*Sr4"lf j/'hfcjeH-f-i. KT,':cPC.SCov> 
X. *7 £ L-Cj£*'&*i% 

[0 0 7 2] 

[«7] 

swat 



v PCS - 


ST 


P C S3 


(PGS3 2) " ' 
,10 :PCH An*R<D«»&tfc%H*&*?r<'r 

U : P C H AmW^^^ftfe^r^iSS:^^ 

* oo: p ch Anmom»^m^' 

01 : A U X \ . . . 


PC S2 


PC SI , 


<~- 3 2 'try ST KU7?^ b>> 
1 PCHA*«a<8fcf*>x.k 

(kliPCSl, PC.SOT?^.;**i£;W^-Ufi£) 

< 6 4.fc> h7K^?^» 


PC SO 



[0 0 7 3] ft, *7K*5tt5PCSr£PCS0 ttC 



-K^Ot^TgllO (a) JC&^T, K (13 

10 (b)') i*ld*-r o "f-ftfc*), *^7yfP 
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citt^i ooo ox*z.mn<D?*y ^^PCi&tf i 001 

^5fecD3 2 try h7/Hti*i:JtKi : "5i:. > SWbLfc. 
PCIMCT, PC|| (PCHAftf) 112, 4, 8 

[0 0 7 4] ±<D*7fc*5^T. PC SI , PCSO = 

fPChl/^Iilttlj^Wo . ... . . 10 

[0 0 7 5] ( PCS^t> hfctt:, P-7Kl>^lt 
StfcSPCHA tLL) ^CPUi^^^oa^ti 1 - 

HS7t->, PCS3'=0t^^iTi5c gfttctezf? V 
f PC M^-— ^tfl^^'tt," PCS;=1^7^PC 

pcHStt2 ? >}M$S T ?~}; $*y* M:fj( ° 

ib, PCSO,, PCS! iS»l..U--f ^7H?ffl*StbSo . 20 
[0 0 7 6] S)PCHS^-h«ftt,.Jfeftf5PCH..- 
S7f- f^^^7^f PCfS^fliAt^^^ 1 
■efe5ii*/Tto. PCHAlCfl T'yV^PCM/r-, 

[0 0 7 7] ©PCHAtt. ffiteT-K^{W* 5 ffl*^tt 

£ 0 l v ■ ' " ' ■ ' ; J -' ' " • ' ' 

©p CHAfflA t^in^^^f P e+ 

T.fcfcS*^*— >e PU^T^^:hr^t5o 5fe ,■ : 
frrs^x^P 6fl**o"mi6«:, "jW'ifcfc^V^P c 30 
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[0 0 8-8:] : r©J; ^teP,C>U— K©^ 

[ 0 0 8 9 ] "fftS, El 1 1 Sr#Rg UfciJEOtt^-Ctt, * 
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*<E>— hl/-^fflf^7^f 13B(OaS [0 0 9 3] 

A^jSWf-i' (7K^»tJf$9(DS I Z-ejgSSK [*9] 
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